-

T

CLEARINGHOUSE
FOR FEDERAL SCIENTIFIC AND
TECHNICAL TNI‘ORM 5.\'11( ;?

@ " Hardaopy l T Nierofizh x S —J‘

$/.40 \10/5—0\ 4‘/1

ARGILVE ot ’-
N

U. $. NAVAL AMMUNITION DEPOT
CRANE, INDIANA

A TR




= PR P

U, S, NAVAL AMMUNITION DEPOT
Crane, Indiena

RDTR No. 66
15 July 1965

THE PRODUCTION OF VISIBLE LIGHT BY
THE THORIA-CERIA MANTLE; PHYSICAL
CHARACTERISTICS AND A PROPOSED
THEORY OF THE OCCURRING MECHANISMS
AND PROCESSES

PREPARED BY ‘%2 . g C
. ,Jlesearch Chemist
s B
. nager

/C ncept Development Division
/// '.’

Reseerch & Developnent Department

RELEASED BY

T m—— e e L ebA—— -, X, e e = me S oo m—rme o




RDTR No, 66
. ABSTRACT

An explanation of the production of visible light
¥ by a thoria=-ceris mantle is presented, It is proposed
that the thorla acts as a chemical catalyst and localizes

the exothermic reaction within the msntle structure.
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BACKGR OUND

The Gevelopment ¢f long burning flares for visual
signal or marker purposes has long been desired for in-
service applications, Efforts in this field have pro-
duced colored flares which burn at the rate of one minute
per inch! and phosphorus flares which burn approximately
two minutes per inch,

However, to produce a signal which would burn con-
tinucusly for four hours or more with these compositions,
the design problems and vclume requirements of the sssoci-
ated hardware ere prohibitive for an in-service use,

Electrical systems have been attempted. Some of the
associated problems with this method of visual output
quickly eliminated its use. The bulb filaments were too
fragile to withstand the service applications and the
candlepower output of these devices was too low for
effective signasl or merker use,

A system, which seems to meet the necessary require-
ments of long burning time and satisfactery visusl output,
may bé available by adapting the Welsbach mantle for signal
purposes., An inltlal investigation indicated that a two-
pcund tank of propane is capable of producing a 100 candle-
power source for 10 hcurs, By changing the sizQ of the

mantlea, it seems feasible to prcduce & signal of 250

- .
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candlepower for a duration of four hours,

Further study of this system was dsemed necessary.
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LITERATURE SEARCH

The Welsbach mantle consists of a mixture of approxi-
mately 1% cerium dioxide and 997 thorium dioxide, Fre-
quently, these materials are referred to as ceria and
thoria. Nermally, a hydrocarbon-air mixture is used as
the flame source for these mantles. The exact mechanlsms
Involved in the production of visible energy are not
known, however, ma2ny explanations have hesn made.

"The extraordinary luminosity of thorium oxide impreg-
nated with a 1little cerium oxlde is attributed to the
fact that thorium oxide radiates but little heat, and so
i1s heated to a high temperature in the Bunsen flame,
whereas the admixed cerium oxide hes the property of
omitting a very intense light at high temperatures,

Pure cerium oxide luminesces but little when introduced
into the Bunsen filame, for the reason that it has the
property of radisting not only much light, but also much
heat simultaneously; as the emission of light increases
strongly with temperature, and pure cerium oxide does
not attain a very high temperature in the Bunsen flame
because of its strong radiation of heat, its high
emigsivity for light can only come into play when the

cerium oxide is embedded, in relatively small amount in
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thorium oxide, with its low aemissivity for light and heat.
Only in this way can 1t attain the high temperature
necessary for strong luminosity in the Bunsen flame, In
general, a mixture of 99% thorium oxide with 1% cerium
oxide has shown itself to be the most satisfactory. For
a mantle prepared with this mixture, the maximum emission
lies in the short-wave length part of the spectrum, For
this reason, the incandescent gas. light has a white color,
tending towards greenish, as contrasted with the more
reddish light of other incandescent bodles.' 2

Another reference clalms that the excitation of the
mantle 1s the effect of catalytic recombination of radi-
cals and hydrogen atoms at the interface of the flame
and mantle,> ;

To sum up the work of other investigations in this
area, "in all -- investigations -- on the Welsbach mantle,
the doubts and controversies over the existence of lumi-
nescence seem to hinge on (the) uncertainty of the deter-
mination of the solid (mentle) temperature. Without
nowing this temperature, it is not possible to determine
whether Kirchhoff's law 1s violated," *

Another réference indicated "the mantle is not an

effect of 5 ordinary emissivity:"

4
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1, The surface shows a fatigue effect.

2. Thé radiance violates Kirchoff's law by a factor
of several hundred,.

3. 7There are upper and lower temperature limits,

L. There is a brief afterglow.

5. Activators are very effective - the same ones as
for ultraviolet and cathode~ray excitation,

It is now apparent, after conducting a basic litera-
ture search, that there exists vast differences of
opinions and theories as to the phenomenon of the pro-
duction of visible energy by thq thoria-ceria mantle,
Most of the differences appear to:originate because of
the assumption that the mantle is no higher in temperature
than the maximum flame temperature, The lack of know-
ledge, as to what the mantle temperature actually is,
has prompted the generation of theorles and explenations
where it became n¢ _asary to coin terms such as cold
light, chemiluminescence and candoluminescence in order

to explain this phenomenon,

e e - e - — - - - et ettt i i
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PHYSICAL CHARACTERISTICS OF A THORIA-CERIA MANTLE

Using a Perkin-Elmer Repld Scan Monochromator, Model
108, the relative intensity distribution of the visible
portion of the spectra from a commercial thoria-ceria
mantle was obtained’#* using a propane-air mixtﬁfe as the
fiame source, This distribution is shown in Figure 4.
The staﬁigtical fitting of thias data by the least squares
method indicated a temp erature of 2960°K, with a constant
emissivity in the region of the spectra investigated,#
Measurements of the color temperature at 6501ny was
taken using an optical pyrometer manufactured by the
Pyrometer instrument Company and a temperature of 1713°K
was indicated. The calculation of the emissivity of the
mantle based on the two temperature measurements of 650‘my
indicates an emissivity of 0,0043,

Since the mantle 1s completely opaque in the region
of the wave lengths under consideration, this would

indicate a reflectivity of b.9937.

# See Appendix A
#%* See Appendix B

Y Y,
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PROPOSED THEOQRY OF THE MECHANISMS AND PROCESSES OCCURRING

A - .

It is proposed that the thoria (thorium dioxide)
serves as a catalyst in the fo;mation of acetyiens,
olefins and hydrogen in the mantle via a thorium carbide
intermediste and subsequent hydrolysis of this inter-
mediate, Oxidation of these products then occur either
within the mantle or on the exterior surtf'ace of the
mantle, The proposed reaction mechanism is demonstrated
below:

(1) ThO, + LG——> ThC, + 20
{2) ThC, + 2H,0 —— ThO, + HC = CH + H,
(3) HC= CH + H, + 30,——> 200, + 2H,0

The overall reaction would be

(4) 4¢ + 30, ThOp  o00, + 200
- 2 P 2 b 4
Ho0

By the proposed catalytic inechanism, two requirements
of the fuel should be that both free carbon and water
must be present for the mechsnliam to occur as proposed.
The water -actually wouldrserve as a cetalyst in this
reaction also, for it enters aﬁdrleaves the reaction
zone at exactly the same rate and is in the same chemical

form before and after the reaction,

e — e m ——— e e
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This proposed mechenism would suggest that acetylene
and hydrogen would be oxidized in the very irmediate
area of the mantle, If the oxldatlion process occurs
within the mantle, the heat generated would be absorbed
by the mantle for the most part, with subsequent radiant
release of energy by the mantle. If the oxidation process
occurs on the exterior surface of the mantle, some of the
heat released would be absorbed by the mantle and released
radlantly,

The thoria's chief purpose then would appear to be
that 1t acts to localize the principal exothermic reaction
within the mantle, thus allowing a locally higher tem-
_perature to exist than 1s normaelly possible in the propane-
alr flame,

The ceria's (cerium dioxide) chief purpose is to emit
the energy gained by the mantle from the exothermic resc-

tion in a menner that is more conducive to the production

of white light,
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INFORMATION SUPPORTING THE PROPOSED THEORY

The catalytic properties of thorias have been demon-
strated in many different reactions.® In the majority

of the reactions, carbon-hydrogen-oxygen compounds are
passed over heated thoria and the normal prodﬁcts are
vlefins, carbon monoxide, carbon dioxide and water,

In the Fischer-Tropsch procsss of converting coal or
coke to gasoline or petroleum-like products, a cobalt-
thorium dioxide catalyst has successfully been used.7

Thorium carbide, the proposed intermediate, is
formed by heating thorium dioxide with carbon.8 This
compound, upon hydrolysis, yields principally acetylene,
ehtylene, methane and hydrogen, and is believed to con-
tain {:C:::C:)"2 groups, which accounts for the primary
products of acetylene and hydrogen.9’10

If thorium carbide 13 & main conctituent of the mentle
during the combustion processes, then the maximum tem-
perature of the mantle should aepproach the melting point
of the thorium carbide as a limit due to the heat of
fusion of the carbide.11 The melting point of thorium
carbide is 30u6°K.12 The measured temperature of a thoria-
ceria mantle was only 86°K lower than this termperaturc.

Another temperature limitation, that would be imposed

cn the proposed mechanisms and processes, 1s the theoretice>

Q
7




-

H

RDTR No, 66

maximum temperature possible for an acetylene-oxygsen
reaction, since this 1s the proposed main product
oxldized within or upon the exterior of the mantle,
Dean lists this temperature as being 3323°K13 for the
acetylene-oxygen maximum temperature.

Since the theoretical maximum temperature for the
propane~-air flame is 2198°K lh, the fact that a signil-
ficantly higher mantle temperature exists (2960°K) can
be explained by the proposed theofy. Likewice, 1t 1is
not necessary to account for the white light radiatéd by
the mantle as some strange phenomenon which must be titled
"candoluminescence" or "chemiluminescence." It can readily
be explalned by the normel electromagnetic radiation laws

as simply thermal radiation,

10
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CONCLUSIONS AND REC OMMENDATIONS

It is the conclusion of the suthor, that the pro-
posed theory of the mechanisms and processes that occur
in the thoria-ceria mantle are quits feasibloe, The
theory does not rely on any process or mechanlsm that
nhas not been observed individually.

If this theory 1s correct, it iIs possible to generate
a red or green light by preparing a mantle of thoria and
strontium oxide or barium oxide, respectively, assuming
that the vapor pressure of these alkaline earth oxides,
at the temperatures prevalent, would be low enough to
have a stable mantle, Both of these oxides have rather
specific band emissions in the visible and should afford
a method of producing a long burning signal producing
colored light,

It 1s recommended that:

a. Mantles be prepared and investigated that con-
sist of thoria and barium or strontium oxides and,

b. Emigsion studies in the ultraviolet region of the
spectra of the propane-sir flamwe and of the mantle be
initiated for comparison of the smounts of olefinic and

acetylenic compounds present, with and without the mantle,

11
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APPENDIX A

METHOD OF OBTAINING THE RELATIVE INTENSITY DISTRIBUTION
“OF THE THORIA-CERTA MANTLE

Using a Perkin-Elmer Rapid Scan Monochromator, Model
108, with an IP 27 photormultiplier, the spectrs, of the
thoria-ceris mantle and a standard Illuminant A bulb was
obtained, {See Figures 1 and 2.)

Knowlog the actual energy distribution of Illumi-
nant A-ls (see Figure 3) it was possible to determine a
responsé for the totul system. Applying this response
to the recorded distribution for the thoria-ceria mantle,
a relacive energy curve for the emitted light of the
mantle was obtained (see Figure ).

12,
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APPENDIX B

THE Dmmmn%%xon OF THE TEMPERATURE AND EMISSIVITY
THE THORJA-CERIA VANTLE

From Planck's equation,

-4
5} I -EC NS (e¥-1)
where - ea >>1 , the following form of

the equation is obtalned:

(6)InI +Sinn+sE = InE + In C,
When the emissivity of the source is constant within
the wave length region considered, the right side of the

equation,lnei' Inc. , 1s constant, Therefore,

(D inI, »+ S5ln N, "'{',"r = Inle*8lnn, *%}7
Solving for T,

(T =Cy (ke -)( m‘;@f’ a?‘g)

As the equation indicates, only the ratio of the

intensities of the two wave lengths 1s required. There-
fore, although the actual intensity is not known, the
relative intensity of each wave length is known, and ths
calculation of the temperature of the emitting source is
obtalnable,

The determination of the emissivity was made by
measuring the black body temperature of the mantle by

13
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usze of an optical pyrometer and using this temperature,
T » and the emissivity,€g = .00, in equation (9),

(9) 1n En = (2 )(BF) +1n €
Equation (9) was derived from equation (6) in the

following manner:

. c
(10) InI*51lan-InC, = InE - 5%
Since I, the intenaity, A , the wave length, and C,
are constant, & relationship for determining the emissivity,

8" » 1s derived by letting

(11) InEy -5k, = InEn - 58,

where /\ , the wave length, is ths wave length of
light observed in the optical pyrometer. Rearranging
equation (11) yields equation (9).
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REPRODUCTION QUALITY NOTICE

We use state-of-the-art high speed document scanning and
reproduction equipment. In addition, we employ stringent quality
control techniques at each stag= of the scanning and reproduction
process to ensure that our document reproduction is as true to
the original as current scanning and reproduction technology
allows. However, the following original document conditions may
adversely affect Computer Output Microfiche (COM) and/or print
reprodi-stion:

¢ Pages smaller or larger than 8.5 inches x 11 inches.
¢ Pages with background color or light colored printing.
¢ Pages with smaller than 8 point type or poor printing.

o Pages with continuous tone material or color
photographs.

¢ Very old material printed on poor quality or deteriorating
paper.

If you are dissatisfied with the reproduction quality of any
document that we provide, particularly those not exhibiting
any of the above conditions, please feel free to contact our
Directorate of User Services at (703) 767-9066/9068 or
DSN 427-9066/9068 for refund or replacement.
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